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Abstract
Past debate on competition and quality in international wheat markets has focused on class and
country of origin as the salient source of differentiation. This study analyzes changes in demand
for both wheat classes and grades. Comparisons are made between Canadian and U.S. hard
wheats, principal competitors in the hard wheat market. Both countries are dominant producers
of Hard Red Spring Wheat (HRS in the United States and Canadian Western Red Spring
[CWRS] in Canada); the United States is the dominant producer of Hard Red Winter (HRW);
and both countries are large producers of durum (Hard Amber Durum [HAD] in the United
States and Canadian Western Amber Durum [CWAD] in Canada). Due to the indigenous
similarities among these wheats, the competitive environment between these two countries is
particularly acute. 
The study documents the composition of exports by class and grade, evaluates changes through
time, and identifies segments of countries with similarities in grade specifications. Results
identify important differences in composition of exports. Whereas Canada exports largely No.1,
the United States exports largely No. 2 OB (or better). Further, there have been changes in the
composition of exports by class and grade toward HRS, CWAD, CWRS and toward higher
grades within classes.  Results indicate the following:
    Composition of Exports: Canada exports a substantially larger portion of its exports as
No. 1 than does the United States. This is true for each class. The average shares of
exports of grade No 1. for each class from 1986–1991 were HRW, 3 percent; HRS, 7
percent; CWRS, 60 percent; HAD, 5 percent; and CWAD, 25 percent. 
     Changes in the Composition of Exports: There have been some dramatic changes in the
distribution among exports by grade and class that have important implications.
Generally, results from this study indicate the following:
By class.  From the early 1980s to the mid-1990s, wheat classes whose exports increased
the fastest were HRS, Canadian Other, CWRS, and CWAD (from greatest to least).
Those classes experiencing negative growth included HAD, soft, and HRW (listed from
least to greatest negative growth). 
By grade.  There have also been some notable changes in the composition of exports
among grades from each country. From 1986-87 to 1993-94, export volumes of HRW,
HRS, and HAD have shifted from lesser amounts of lower-grade wheat to greater
proportions of higher-grade wheat. Most notable (in percent net shift) has been the
growth in exports of No. 1 from the United States. The change represents a shift from
lower grades. 
     Market Segments.  Cluster analysis is used to identify countries importing similar
qualities of hard wheats from the United States (comparable data did not exist for
Canadian exports). Countries importing wheat with similar characteristics are referred toas segments, and their behavior and composition has important marketing implications.
Results from this analysis indicate the following:
Changes in segment numbers over time.  There were notable changes in the definition and
composition of segments over the time period of the study. The number of segments
existing in durum exports increased from three to four, HRS increased from two to five
segments, and HRW increased from two to four segments. In general, these were
distinguished by the levels of dockage, test weight, defects, and protein level.
Segment composition.  Countries included in what would be defined as the higher quality
segments varied, and in some cases, they jumped in and out of a segment. Those
countries that were in the higher-quality HAD segment more than 50 percent of the time
in more recent years include Italy, Costa Rica, Japan, and Kuwait. Those in the higher-
quality HRS segment more than 50 percent of the time were Taiwan, South Korea,
Malaysia, New Zealand, and Singapore. Those in the higher-quality HRW segment more
than 50 percent of the time included Japan, South Korea, Taiwan, Thailand, Bangladesh,
Hong Kong, Malaysia, and Norway. 
A number of implications can be discerned from these results that are important for both
the public and private sectors. First, it is notable that the fastest growth market has been HRS,
whereas HRW has fallen sharply, suggesting a significant shift in the composition of trade over
the past decade. Second, in the United States, there has been debate about whether to attempt to
regulate the quality level of wheat exports through factor limits, as opposed to relying upon
contractual specifications between buyers and sellers. These results suggest that over time, the
quality (level and specificity) of wheat exported from the United States has increased. This is
likely a result of competition among suppliers and of importers’ contractual specifications to
obtain higher-quality wheats. Finally, comparisons between U.S. and Canadian exports and
prices must take into account the important differences in the distribution of their respective
exports among classes. It is notable that a large proportion of Canadian exports are No. 1 in
contrast to those from the United States which are predominately No. 2. This is important
because routinely quoted prices are for No. 1 from both Canada and the United States. Thus,
direct comparisons of these prices should be treated with caution. 
A number of implications for the private sector can also be identified from these results.
First, the shift in U.S. exports toward greater specificity and generally toward higher-quality
wheats has implications for the domestic processing sector. Traditionally, the processing sector
dominated the consumption of higher-quality hard wheats, leaving the remainder for the export
market. The shifts identified in this analysis suggest that in the future, the domestic market will
have less dominance over the higher-quality wheat supply, thus having the effect of raising
premiums. A second implication relates to the apparent increase in differentiation and number of
segments in the international wheat market. These results demonstrate the extent to which the
private trading and handling sector has responded to market conditions by increasing specificity.
It also should be viewed positively by traders and others in the supply chain in that the trend
allows them to compete in segments less characteristic of “commoditization.” However, doing so
may very well require the ability to create segregations that are maintained throughout the supply
chain through the use of increasingly more sophisticated premium/discount schedules and/or
through other vertical coordination mechanisms. Grain Quality and North American Hard Wheat Exports 1
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Much of the past analysis and debate on wheat quality has focused on class (Hard Red
Spring, Hard Red Winter, etc.) and country of origin (i.e., United States and Canada) as salient
sources of differentiation. In that context, the United States and Canada are the principal
competitors in the hard wheat market. Both countries are dominant producers of Hard Red Spring
Wheat (HRS in the United States and Canadian Western Red Spring [CWRS] in Canada); the
United States is the dominant producer of Hard Red Winter (HRW); and both countries are large
producers of durum (Hard Amber Durum [HAD] in the United States and Canadian Western
Amber Durum [CWAD] in Canada). Due to the indigenous similarities among these wheats, the
competitive environment is particularly acute.
Distinct differences exist between the U.S. and Canadian grading systems, which in turn
impact trade (McLaughlin 1994; Canada-U.S. Joint Commission on Grains 1995). Other studies
have noted the effects of the differences, mostly in terms of the results of surveys of importers
(Mercier 1993; Hyberg et al. 1993) and hedonic values (e.g., Wilson 1994; Veeman 1987). The
principal difference is that the U.S. system, in general, relies upon specifications of characteristic
limits in contracts between buyers and sellers with reference to grade-determining factors and
measurement standards. As such, it is incumbent upon buyers, through negotiations with
suppliers subject to competition from other buyers, to determine the optimal level of a particular
characteristic. In contrast, the Canadian system has relied more upon a regulatory approach of 
grading and standards with less use of individual specifications than in the United States.
However, pressure is emerging for less homogeneity in order to meet conformance demands.Grain Quality and North American Hard Wheat Exports 2
Besides the differences in the grading systems, there are two particularly important
phenomena that contribute to competition. One is that the United States has a relatively large
domestic market and, in recent years, has purchased up to 57 percent of the domestic wheat crop.
Traditionally, the U.S. domestic milling industry has purchased primarily No. 1 and No. 2 grades
for processing. Given that about 75 percent of the Hard Red Spring and 85 percent of the Hard
Red Winter wheat crops typically grade as No. 2 or better, a large percentage of the higher-
quality wheat is consumed domestically, leaving lesser amounts for the offshore market. In
contrast, Canada consumes about 20 to 35 percent of its wheat crop domestically. The
proportions of the crops in each country graded as desirable quality for the hard wheat milling
industries are similar. Thus, in general, Canada has a greater proportion of exportable excess
supply of higher grades than the United States.
The second major factor affecting the dynamic changes in grades of wheat purchased is
the shift toward privatization of wheat imports (Wilson 1996). One of the important implications
of privatization is a tendency for greater specificity in purchase contracts. Generally, private
buyers have a greater ability to evaluate higher quality and are more willing to pay premiums (or
discounts) if that greater (lower) quality enhances (reduces) their profits. Importer procurement
strategies, that is the combinations of price and quality specificity, are critical factors in the HRS
market. Some importers use more stringent contract specifications than U.S. domestic millers.
The latter are accustomed to mixing and blending and can target specific producing regions for
their wheat procurement. Contract specifications have considerable strategic importance,
particularly in view of competition among buyers (Johnson, Wilson, and Dierson). Grain Quality and North American Hard Wheat Exports 3
This study analyzes the market segments and growth rates of exports of hard wheat from
the United States with comparisons to Canada when data are available. The study focuses on
hard wheats which are defined to include the following: Hard Red Spring (HRS), Hard Red
Winter (HRW), and Canadian Western Red Spring (CWRS). Durum wheats are also included in
the analysis and are referred to as HAD from the United States and CWAD from Canada. Other
wheat classes (U.S. soft wheat, a combined group including soft red winter and white wheat
classes, and Canadian Other, a class representing largely feed wheats) are included for
completeness but are not the focus of this paper. Shift-share analysis is used to compare the
observed changes over time for class and grade comparisons. Then high-quality importing
segments are analyzed using two measures. First, importing segments are examined using an
existing definition of high-quality importers. Second, cluster analysis is used to identify segments
of buyers for U.S. hard wheats according to the grade factor specifications, and comparisons are
made through time.
Previous Studies and Policy Issues
There have been two major studies addressing these issues in the United States. The first
was undertaken by the U.S. Congress Office of Technology Assessment (OTA); the second was a
USDA study and is summarized in Mercier (1993) and in Hyberg et al.(1993). Since each
country has a multitude of institutions and mechanisms that influence quality, OTA suggested a
paradigm for evaluating issues related to grain quality. The concept was that a highly
interdependent “system” impacts the quality of grain offered for export. This includes variety
development and release mechanisms, agronomic conditions, trading practices, grades and
standards, and farm policies. The important point of the paradigm is that the institutions and
policies that impact the quality of grain exported are very complex and involve more than issuesGrain Quality and North American Hard Wheat Exports 4
related to grades and standards. This, of course, has been the traditional area of debate in the
United States.
The purpose of variety release and control mechanisms is to provide a means to regulate
quality for characteristics not capable of being easily measured in the market system (Dahl and
Wilson 1997). A prerequisite for market regulation (premiums and discounts) is the ability to
easily measure the characteristic. Another implicit effect of these mechanisms is that they
provide a means to increase uniformity in end-use products, an increasing demand of domestic
and export millers.
The U.S. grading system typically measures only physical (not chemical) characteristics,
and these are the mechanisms upon which the establishment of quality measures for premiums
and discounts rely. Trading practices cover a range of issues but are crucial in making cross-
country comparisons. These include the mechanisms by which premiums and discounts develop,
whether by marketing boards or through a market system; local competitive environment; trading
practices with respect to indigenous and extraneous quality characteristics; regulations regarding
cleanliness and hygiene (e.g., infestation); and the extent to which variety is used in the
marketing system. 
The U.S. system with respect to wheat cleaning, which was the primary focus of these
analyses, operates differently from systems in other countries. Both Canada and Australia include
wheat cleaning, either in terms of restrictive factor limits or as a regulation to induce cleaning, on
a large portion of wheat entering the market system. In contrast, this is not a grade-determining
factor in the United States. It is a contractual term, the level of which is determined through
negotiation and buyer-seller competition. The upshot is that wheat is cleaned extensively in theGrain Quality and North American Hard Wheat Exports 5
United States but only for those competitive conditions in which buyers and sellers specify the
limit contractually. 
Other countries are going through related debates and policy analysis. The Grains Council
of Australia conducted a series of studies on the international market and implications for
organization of the domestic market (Grains Council of Australia 1995). One of the more
interesting conclusions indicated that a large portion of the variability in prices received by the
Australian Wheat Board was due to variability in quality characteristics. Further, it suggested that
Canada and Australia are thought to be “quality suppliers” and that the United States, along with
the European Union, Saudi Arabia, and Argentina, is a price supplier.
Interesting and important debate is evolving in Canada. Although it has always been
claimed that Canadian wheat has certain characteristics preferred by importers, mostly related to
cleanliness and uniformity, the value of these in terms of higher sales prices has always been a
mystery. The recent study by Kraft, Furtan, and Tyrchniewicz (1996) analyzes prices and
differentials for sales of Canadian wheat from 1980 to 1994. Results indicate that the average
premium received for Canadian wheat relative to its benchmark was Can$13.35/mt. However, as
Carter and Loyns (1996) indicate, the additional costs imposed on the Canadian system necessary
to achieve this premium were about Can$21–28/mt.
Data
The data used in this study include aggregate exports of U.S. and Canadian wheats by
class and exports by class and grade for U.S. HRS, HRW, HAD, soft, and Canadian CWAD,
CWRS, and Canadian Other. Data on aggregate U.S. wheat export volumes by class were
obtained from the USDA Wheat Situation and Outlook. Aggregate Canadian exports by classGrain Quality and North American Hard Wheat Exports 6
were obtained from a number of sources (Canada Grains Council [various years]; Canadian
Wheat Board). 
Data on exports by class and grade were obtained from two sources. Data for U.S. exports
were obtained from the Export Grain Inspection System (EGIS) wheat database (USDA-FGIS).
This data (by shipment) includes information on wheat class, grade, quantity, importer, and
characteristics for most grade parameters, protein, and dockage from January 1986 to August
1995. Similar information does not exist for Canadian exports. Data on grade and class of
Canadian exports were obtained from the Canada Grains Council’s GRAINBASE.  Information
includes import grades and quantities of classes of Canadian wheat and durum for each importer
during the period 1977-1991. Canadian data are aggregated by crop marketing year, class, and
grade for respective countries. To allow for cross comparisons, U.S. data are aggregated by crop
marketing years (June 1 to May 31) for class and grade by country. Data on aggregate Canadian
wheat exports, by class and grade after 1991, are not available. 
Using this data, two sets of results were derived. In the first analysis shifts in market
shares among these classes and grades of hard wheats were estimated using “shift-share
analysis.” These results provide a summary measure of the growth of individual classes/grades in
comparison to the average growth for the market. Then cluster analysis is used to define market
segments based on the quality characteristics purchased by importing countries. This was done
only for U.S. exports since similar data are not available for Canadian exports. 
Changes in the Distribution of Exports: Shift-Share Analysis 
Identification of growth or decline within a market can be analyzed by comparing market
shares over time. Comparisons of changes in the composition of exports are conventionally
measured with actual or percentage changes over time. However, a percentage change tends toGrain Quality and North American Hard Wheat Exports 7
overestimate effects of smaller market segments, and an actual change tends to overestimate
effects of larger market segments. An alternative is shift-share analysis, which can be used to
identify differences in growth and overcomes problems associated with actual and percentage
measures (Green and Allaway1985; Huff and Sherr 1967). It evaluates the rate of growth for each
class and grade in relation to the market as a whole and is a more appropriate method of
comparing relative growth rates among classes. The summary statistic from this method is the net
percent shift which is an estimate of the percent deviations from the average growth rate captured
by each class and grade.
The data are analyzed using shift-share analysis to evaluate changes in the distribution of
classes and grades over time.  Time periods used to evaluate the changes vary according to the
availability of data. The net percent shift is used for interpretation purposes because it more
appropriately captures the changes in distribution of shares over time. However, for reference,
changes in trade volumes of each class and grade are shown in Appendix Tables 1–3. It is
important to note that these are changes in equilibrium trade shares and cannot necessarily be
ascribed to changes in importers’ demands, or in exporters’ supply. In fact, observed changes in
shares are likely a result of both forces. 
Shift-Share Analysis: Hard Wheat Exports by Class 
Comparison across two periods (1980–1983 and 1990–1993) was made to quantify shifts
in exports of wheat classes. HRS is the class with the highest growth capturing 50 percent of the
variability in growth from 1980–1983 to 1990–1993 (Figure 1). The level of CWRS exports
declined over this period but captured 20 percent of the variability in growth between the two
periods. Comparison of results shows that the classes with the greatest loss were HRW, U.S. softGrain Quality and North American Hard Wheat Exports 8
and HAD. These comparisons indicate strong growth in trade in HRS, CWAD, and Canadian
Other. 
Growth in Canadian Other appears to be largely a function of exceptionally large exports
of Canadian feed wheat in 1993 (4.6 MMT), which is likely a one-year phenomenon. Strong
growth in both HRS and CWAD are longer-term trends. Another notable result is the decline in
HRW exports, which appears to be a longer-term trend.
It is interesting to note that CWAD exports increased from the earlier period to the later
period while CWRS exports declined (Appendix Table 1).  Actual and percentage changes
indicate that CWAD increased while CWRS decreased suggesting that CWAD had gained export
shares while CWRS had lost export shares. Comparison of net percent shifts however indicates
that the decline in CWRS exports was at a slower rate than the market as a whole. Thus, even
though exports of CWAD increased, the larger size of the market for CWRS compared to
CWAD allowed CWRS to capture more of the market shares that were lost by other classes of
wheat exports than did CWAD.  Using a net percent shift measure, CWRS faired better than
CWAD over this period. These results are contrary to those indicated by the other measures
(actual and percentage changes). 
Shift Share Analysis: Hard Wheat Exports by Grades 
The analysis was also conducted for each grade of wheat over the period 1986–1987 to
1993–1994 and results are shown in Table 1. Over this period, exports of HRS No. 1 and No. 2
increased with most of the increases (on a percentage basis) accruing to No. 1.  Comparison of
net percent shifts indicated that exports of HRS No. 1 grew faster than exports of HRS No. 2 OB
and captured all of the growth in market shares (99%) lost by the slower growth of the  HRS No.Grain Quality and North American Hard Wheat Exports 9
2 OB segment (-99%). This indicates a shift in the exports of HRS toward higher grades in the
more recent time period. 
During the same period, exports of HRW No. 1 increased while exports of HRW No. 2
OB declined. Exports of HRW No. 2 and HRW No. 3 also declined, while exports of HRW No.
3 OB and HRW SG showed increases. These changes suggest a shift away from conventional
grades toward higher grades (No. 1) and an increase in exports to nominal amounts of lower-
quality HRW in 1993–1994. Comparisons of net percent shifts for HRW show the same pattern
as for HRS with growth in exports of higher grades at the expense of lower grades. Deviations
from average market growth rates captured by No. 1 segments (91%) were lost by lower grades
(primarily No 2. OB for HRW [-94%]).
Analysis of CWRS exports indicates an increase in exports of No. 1 from 1986–1987 to
1992–1993. The net percent shift method indicates that CWRS No. 1 captured 95 percent and
No. 3 captured 5 percent of the variability in growth while No. 2 incurred all of the loss. Thus,
there has been a shift toward exports of higher grades of CWRS wheats with most of the declines
coming from reduced exports of CWRS No. 2. 
Analysis of CWAD exports indicates that No. 1 and No. 2 gained while other grades
declined. CWAD No. 3 was the class that lost the most exports in both net percent shift and
volume. CWAD No. 4 and Other CWAD had the highest percentage declines in exports across
the time periods. These measures of changes in exports are consistent with other results
indicating that exports of Canadian durum are increasing for higher-quality durum. 
Comparison of Exports of Hard Red Wheats by Grade into High Quality Markets
An important element of market strategy is the identification of market segments. In this
case, the higher-quality hard wheat market segment is of particular interest. Kraft et al. (1996)Grain Quality and North American Hard Wheat Exports 10
identified countries within the high-quality commercial export market. Analyses are conducted in
this study to evaluate the penetration by the United States and Canada into these higher-quality
hard wheats in these markets. Exports by grade are compared for exports of No. 1 to all countries
and total exports of CWRS, HRS, and HRW to these high-quality wheat importing countries. 
Exports of CWRS No. 1 to markets designated as high quality averaged 2.5 mmt per year
from 1986–1991 (Table 2). This represented 29 percent of the total CWRS No. 1 exported to all
markets. For the United States, exports of No. 1 HRS and HRW to these high-quality markets
were 98 percent and 100 percent of total U.S. exports of HRS and HRW No. 1, respectively.
Therefore, these markets imported almost all the U.S. No.1 but imported less than 30 percent of
the Canadian No. 1.  A complementary interpretation is that U.S. exporters do a better job at
assuring that the higher-quality that is exported goes to those higher-quality markets. 
The distribution of exports to these markets from Canada is largely No. 1 (84 percent).
However, even though these markets import almost all of the No 1. HRS and HRW, imports of
U.S. No. 1 are still a small portion of U.S. hard red wheat imports to these markets (18.9 percent
and 15.4 percent of HRS and HRW imports, respectively).
Cluster Analysis of Quality Characteristics of U.S. Shipments
Cluster analysis is an alternative analytical method to identify market segments.
Clustering markets into like groups can be used to identify segments of buyers and characteristics
of segments. In traditional market strategy these results can be used for standardizing products
desired by each market segment, evaluating market promotion strategies and competition within
segments, and targeting groups that have the greatest potential, thereby reducing costs. 
Clustering algorithms are a method of identifying observations with similar
characteristics. Quality characteristics of shipments of U.S. HAD, HRS, and HRW are comparedGrain Quality and North American Hard Wheat Exports 11
to identify countries with similar purchasing patterns. Similar detailed data does not exist for
Canadian exports, and thus the analysis is applied only to U.S. wheat imports. Four grade and
nongrade parameters are used to derive market segments; these include dockage, test weight,
protein, and total defects. The analysis is conducted over two time periods to determine the
extent of changes in both the number and composition of segments over time (1986–1989 and
1991–1994). 
HAD Cluster Analysis 
Three distinct market segments existed in the period 1986–1989 for countries that
imported HAD (Table 3). Two of the market segments tended to not specify protein and
imported lower-quality HAD. Segments 1 and 2 had average total defects of 4 percent and 5.8
percent. Segment 3 tended to specify protein and had the lowest average total defects (1.8
percent). Test weight and dockage followed the same pattern with the worst averages belonging
to group 2 and the best to group 3. Exports in this earlier time period went largely to the
segments representing the lower-quality exports (Segments 1 and 2). Thus, in this earlier time
period, three distinct groupings emerge, generally coinciding with grades 1–3, where protein
levels tended to be specified only for U.S. No. 1. 
From 1991 to 1994, four distinct market segments were identified. Three of the segments
resemble the three groups indicated in the earlier period. However, in this later time period, it
appears that the segment importing the highest-quality HAD in the prior time period split into
two groups: one that tended to specify protein and one that did not. Shares of exports went
largely to the lowest-quality segment (Segment 1 with 48.1% of exports) with the remainder split
about equally between the other three higher-quality segments.Grain Quality and North American Hard Wheat Exports 12
Segments representing higher-quality HAD wheat importing countries are Segment 3 for
1986–1989 and Segments 2 and 4 for 1991–1994. Two segments are identified for the latter time
period because both have average total defects less than grade 1 specifications; however, one
tends to specify protein, while the other does not. This is interesting because Italy, one of the
dominant importers of HAD, did not specify protein. In the 1986–1989 period, Italy was grouped
into a segment of lesser quality that did not specify protein. Further, both segments that did not
specify protein in the later time periods had higher average test weights than the segments that
did specify protein, and the segment for 1991–1994 has lower average total defects than its
counterpart. This suggests that factors other than protein may have large impacts on purchases of
high-quality HAD wheat, such as total defects and test weight. Another interesting aspect is that
the number of countries classified into higher-quality importer segments increased from the
earlier time period to the later time periods. 
HRS Cluster Analysis
When HRS is examined across time periods, an increase in differentiation similar to that
for HAD is indicated (Table 4). In 1986–1989, there are two distinct segments of importing
countries. Each segment tends to specify protein; however, differences in average total defects
indicate a larger group that buys lower-quality wheat (average total defects 3.9 percent, test
weight 59.6 lbs/bu, dockage 0.9 percent, and protein 14 percent) and a smaller group that buys
higher-quality wheat (average total defects 2.2 percent, test weight 61.7 lbs/bu, dockage 0.8
percent, and protein 14.4 percent). The larger group consisted of 51 countries and imported more
than 81 percent of HRS exports. The smaller group consisted of 16 countries and imported more
than 18 percent of the HRS. Grain Quality and North American Hard Wheat Exports 13
In the later time period (1991–1994), five segments are  identified. Two pairs of segments 
(1 and 3, and 2 and 5) are similar, with the fifth segment (Segment 4) importing the highest-
quality HRS. Segments 1 and 3 are similar in that they both have high levels of dockage and
average total defects of 3.4 percent to 3.5 percent. They differ in that Segment 1 tended to not
specify protein and had slightly higher test weights and lower protein, while Segment 3 tended to
specify protein and had slightly lower test weights and higher protein. Segments 2 and 5 have
similar protein and dockage; however, Segment 2 has lower defects and higher test weights while
Segment 5 has higher defects and lower test weights. The number of countries in each cluster
ranged from a low of 22 in Segment 1 to a high of 41 in Segment 5. Shares of exports were
spread more equally across all segments with the smallest segment (3) representing 15 percent of
HRS exports. These clusters suggest that importers are increasing their specificity over earlier
time periods. 
Countries in the high-quality HRS segment across the two time periods are largely East
Asian countries (Table 5). The number and composition of countries is different in the earlier
period, 1986–1989 than in the later period. The 1991–1994 segment has twice the number of
countries as the earlier time period. Most of these new importing countries appear only once.
Further, not all of the traditional high-quality HRS importers are included in every year of this
later clustering. Dahl and Wilson (1996) show similar information for HRW and durum. 
HRW Clusters 
Clustering of HRW identified two segments of importing countries in the period
1986–1989 (Table 6). Groupings are similar to those of this period for HRS. Segment 1 is a large
segment with more dockage, lower test weight, higher total defects, and a lower tendency to
specify protein than Segment 2. Segment 2 is a small higher-quality segment. It consists of 26Grain Quality and North American Hard Wheat Exports 14
countries and imported 17.6 percent of HRW exports. Clustering for 1991–1994 appears to be
more distinct. It clustered into four segments. Segment 3 is a high-quality segment. It has the
highest test weight and protein and lowest dockage and total defects. Segments 1 and 2 are
similar. Both have average total defects that would meet grade specifications for U.S. No. 2.
Dockage, test weight, and protein are similar. The major difference between these two segments
is that one specifies protein (Segment 1) and the other does not (Segment 2). The fourth segment
(Segment 4) is the lowest-quality segment. It has the lowest test weight, protein, and highest
dockage and total defects. The average total defects would meet grade specifications for U.S. 
No. 3.
Countries in the highest-quality segments for each of the time periods are predominately
the East Asian countries, and Norway and Finland. A larger number of countries are included in
the 1986–1989 clustering; however, a higher number of countries have more years in the segment
for the 1991–1994 clustering. Shifts in composition of the highest-quality importing segments
appear minimal. 
An interesting result of these clustering analyses for both HRS and HRW is revealed
when countries grouped in the high-quality market segments are compared to those countries
identified as “high-quality” markets by Kraft et al. Most of the East Asian countries that were
grouped into the highest-quality segments were also identified as “high-quality” markets by Kraft
et al. However, there is a large subset of countries identified by Kraft et al. composed of
Caribbean, some South American and EU countries and Israel and South Africa that is  not
consistently in the highest-quality segments identified here.  Further, a few Asian countries, such
as  the Philippines, Indonesia, and Bangladesh, are identified as being high-quality importers but
were not identified as such by Kraft et al.Grain Quality and North American Hard Wheat Exports 15
Summary and Conclusions
An important aspect of competition and demand in the international wheat market in
recent years is related to quality differences among exporters. Of particular interest are the
differences in exports by grade and class. Maturing of the international market has the effect of
increasing the importance of differentiation as a source of competitive advantage among
exporters. The importance of quality as an element of competition is further enhanced as
countries privatize their importing functions, a major trend in the world market. This shift toward
greater quality differentiation is particularly apparent in the competition among hard wheats,
notably HRS, HRW, and durum. The United States and Canada are the dominant producers of
these types of wheat. However, these countries’ marketing systems differ with respect to quality,
as does the distribution among grades of their excess exportable quantities.
This study analyzes the composition of exports in hard wheat from the United States with
comparisons to Canada. The scope of the study is limited to hard wheats.
 There has been a change in the composition of exports. 
There have been some dramatic changes in the distribution among exports by grade and
class that have important implications for demand and competition. Generally, results from this
study indicate the following:
HRS has been the class that has increased the fastest relative to other classes: From the early
1980s to the mid-1990s, wheat classes whose exports increased the fastest (measured as net shift
from a shift-share analysis and listed in rank order) were HRS, followed by Canada Other,
CWRS, and CWAD. Those classes experiencing negative growth included HAD, U.S. soft and
HRW (listed from least to greatest negative growth). The growth in Canadian Other is likelyGrain Quality and North American Hard Wheat Exports 16
attributed to a one-year increase in feed wheat experienced during 1993 and probably related to
crop quality problems in that year.
Exports of higher grades of wheat increased faster than lower grades: There have also been
some notable changes in the composition of exports among grades from each country. Over the
period 1986–1987 to 1993–1994, there was a notable shift in quality of exports of HRW, HRS,
and HAD, in all cases from lesser amounts of lower-grade wheat to greater proportions of higher-
grade wheat. Most notable (in percent net shift) is the growth in No. 1 exports of HRS, followed
by No. 1 HRW. In both cases, the change represents a shift from lower grades. Similar growth
has occurred in No. 1 HAD, but it has not been as dramatic, although the reduction in No. 3  is
notable. 
There have been important changes in the composition of market segments. Cluster analysis
is used to identify countries importing similar quality. However, this analysis could only be
applied to U.S. hard wheat exports as comparable data is not available for Canadian exports.
Countries importing wheat with similar characteristics are referred to as segments, and their
behavior and composition have important marketing implications. Market segments were
distinguished by the levels of dockage, test weight, defects and protein level. Results from this
analysis indicate the following:
There were notable changes in the definition and composition of segments: The number of
segments in the HAD market increased from three to four, HRS increased from two to five
segments, and HRW increased from two to four segments. These changes likely reflect the
emergence of shifts in the composition of demand, as well as supply shifts, induced by the effect
of interfirm and intercountry competition.Grain Quality and North American Hard Wheat Exports 17
Countries in the higher-quality segment: Countries included in what is defined as the higher-
quality segments varied, and in some cases, they jumped in and out of segments. Those countries
that were in the higher-quality HAD segment more than 50 percent of the time in more recent
years were Italy, Costa Rica, Japan, and Kuwait. Those in the higher-quality HRS segment at
least 50 percent of the time were Taiwan, South Korea, Malaysia, New Zealand, and Singapore.
Those in the higher-quality HRW segment at least 50 percent of the time include Japan, South
Korea, Taiwan, Thailand, Bangladesh, Hong Kong, Malaysia, and Norway. Other countries were
also categorized as being part of these segments but were there only periodically.
A number of implications can be discerned from these results that are important for both
the public and private sectors. First, it is notable that the fastest growth market has been HRS,
while HRW has fallen sharply, suggesting a significant shift in the composition of demand over
the past decade. Second, these results likely have important market development implications.
Past efforts to encourage buyers to specify tighter quality specifications are having an effect
(Dahl and Wilson 1996). 
A number of implications for the private sector can also be identified from these results.
First, the shift in U.S. exports toward greater specificity and generally toward higher-quality
wheats has implications for the domestic processing sector. Traditionally, the processing sector
dominated the consumption of higher-quality hard wheats, leaving the remainder for the export
market. The shifts identified in this analysis suggest that in the future, the domestic market will
have less dominance over the higher-quality wheat supply, having the effect of raising premiums
(Johnson, Wilson, and Dierson). A second notable implication relates to the apparent increase in
differentiation and number of segments in the international wheat market.  It demonstrates the
extent to which the private trading/handling sector has been responsive to changes in demand. ItGrain Quality and North American Hard Wheat Exports 18
also should be viewed positively by traders and others in the supply chain in that the increased
differentiation of the market allows them to compete in segments less characteristic of
“commoditization”, as defined by Rangan and Bowman (1992) and developed in the context of
the international wheat market by Wilson (1996). However, doing so may very well require the
ability to create segregations that are maintained throughout the supply chain through the use of
increasingly more sophisticated premium/discount schedules and/or through other vertical
coordination mechanisms. Grain Quality and North American Hard Wheat Exports 19
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Table 1.  Net Percent Shift in Wheat Exports by Grade and Class (%)
HRS CWRS HRW CWAD HAD 
No. 1 99            95       91       74       38     
No. 2 OB
a -99              -94       61     
No. 2 0        -100     -5       27       1     
No. 3 OB -1        3       -100     
No. 3 1            5    0       -68       0     
No. 4 OB 0        0       1     
No. 4 0        0       -27       0     
Other   0 -5      
No. 5 OB 0        0             0     
No. 5 0        1       0     
SG OB 0        0       0     
SG 0        6       0     
Note: Numbers may not sum due to rounding.
aOB refers to shipper’s preference.  For example, U.S. No. 2 OB allows for shipment of grain
equivalent to either U.S. No. 2 or U.S. No. 1.Grain Quality and North American Hard Wheat Exports 23
Table 2.  Comparison of Hard Wheat Exports to High-Quality Markets
No. 1 No. 2 No. 3 No. 2 OB No. 3 OB
Average Exports to All Markets (tmt)
CWRS
a 8740       2996       2565      
HRS
b 608       3       2       6882       16      
HRW
b 540       60        1       12895       7      
Average Exports to High-Quality Markets (tmt)
CWRS
a 2545       369       106      
HRS
b 594       2       1       2543       3      
HRW
b 537       36       1       2909                2
Percent of Total Exports Shipper to High-Quality Markets by Grade (percent)
CWRS 29       12      4     
HRS 98       53      7      37      21     
HRW 100       61      10      23      30     
Grade Distribution for Exports to High-Quality Markets (percent)
CWRS 84       12      4     
HRS 19       0      0      81      0     
HRW 15       1      0      84      0     
Note: “High quality” is defined as in Kraft et al.(1996) to include the European Union, Finland,
Norway, Portugal, Dominican Republic, Jamaica, Mexico, Panama, United States, Colombia,
Ecuador, Israel, Hong Kong, Japan, South Korea, Malaysia, Singapore, Taiwan, Thailand, South
Africa, Australia, and New Zealand.  
aAverage of 1986–1991.
b Average of 1986–1994.Grain Quality and North American Hard Wheat Exports 24
Table 3.  Segment Means for Grade and Nongrade Parameters for HAD, 1986–1989 and
1991–1994
     S e g m e n t 1234
Segment Means 1986–1989
 Dockage (%) 0.90 1.11 0.77
 Test Weight (lb/bu) 60.8 59.4 61.6
 Total Defects (%) 4.0 5.8 1.8
 Average Protein (%) 14.2 13.3 14.4
 Specify Protein (%) 11.0 2.0 98.0
 Share of Exports (%) 50.8 41.9 7.2
 Countries (#) 22 18 4
Segment Means 1991–1994
 Dockage  0.82 0.60 0.70 0.55
 Test Weight 59.8 60.9 60.6 61.7
 Total Defects 4.5 2.7 3.5 2.1
 Average Protein 13.2 13.8 13.5 13.4
 Specify Protein 2.0 91.0 4.0 3.0
 Share of Exports 48.1 16.6 18.0 17.3
 Countries 15 11 10 8Grain Quality and North American Hard Wheat Exports 25
Table 4.  Segment Means for Grade and Nongrade Parameters for HRS, 1986-1989 and
1991–1994
Segment 1 2 3 4 5
Segment Means 1986–1989
 Dockage (%) 0.88 0.77 
 Test Weight (lb/bu) 59.6 61.7
 Total Defects (%) 3.9 2.2 
 Average Protein (%) 14.0 14.4 
 Specify Protein (%) 71.0 99.0 
 Share of Exports (%) 81.7 18.3 
 Countries (#) 51 16
Segment Means 1991–1994
 Dockage 0.84 0.79  0.96  0.65  0.79
 Test Weight 60.2 60.7 59.9 61.2 59.6
 Total Defects 3.5 3.0  3.4  2.4  4.1
 Average Protein 13.4 13.9 14.1  14.3  13.7
 Specify Protein 11.0 96.0 85.0  89.0  91.0
 Share of Exports 24.7 22.5 15.0  16.5  21.3
 Countries 22 36 31 30 41Grain Quality and North American Hard Wheat Exports 26
Table 5.  Composition of Importing Countries Within High-Quality HRS Segments and
Years in Segment for Two Time Periods: 1986–1989 and 1991–1994.
Segment                       Years
      2                                in
1986–1989                 Segment
Segment                           Years            Segment                          Years
     4                                     in                4 (cont)                              in
1991–1994                     Segment         1991–1994                     Segment
Hong Kong  4 Taiwan  4 South Korea 4
Japan  4 Belgium  2 Malaysia 3
Malaysia  4 Barbados  1 New Zealand 3
Singapore  4 Benin  1 Singapore 3
South Korea  4 Burkina Faso  1 Japan 2
Taiwan  4 Canary Islands  1 Norway 2
Thailand  4 Colombia  1 Philippines 2
Philippines  3 Cyprus  1 Thailand 2
Indonesia  2 Finland  1 Mali 1
Sri Lanka  2 Gabon  1 Malta 1
Benin  1 Hong Kong  1 Martinique 1
Netherlands  1 Iceland  1 Mexico 1
Nigeria  1 Israel  1 Netherlands 1
UK  1 Ivory Coast  1 Senegal 1
USSR  1 Jamaica  1 Sri Lanka 1Grain Quality and North American Hard Wheat Exports 27
Table 6.  Segment Means for Grade and Nongrade Parameters for HRW, 1986–1989 and
1991–1994
S e g m e n t 123 4
Segment Means 1986–1989
 Dockage (%) 0.72 0.58
 Test Weight (lb/bu) 60.7 62.1
 Total Defects (%) 3.9 2.6
 Average Protein (%) 12.1 12.3
 Specify Protein (%) 43.0 92.0
 Share of Exports (%) 82.4 17.6
 Countries (#) 67 26
Segment Means 1991–1994
 Dockage 0.67 0.69 0.55 1.24
 Test Weight 60.3 60.6 61.7 59.9
 Total Defects 3.7 3.6 2.1 5.5
 Average Protein 12.0 11.8 12.3 11.6
 Specify Protein 94.0 20.0 89.0 79.0
 Share of Exports 43.5 41.3 12.3 2.9
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Figure 1.  Percent Net Shift in Exports, by Class, 1980–1983 to 1990–1993.Grain Quality and North American Hard Wheat Exports 29
Class: Wheat is divided into eight classes based on color and kernel and varietal characteristics. 
There are eight classes of U.S. wheats: durum, hard red spring, hard red winter, soft red winter,
hard white, soft white, unclassed, and mixed wheat.  Classes can be subdivided into subclasses. 
Grade: A numerical grade is established based on a characteristic being within factor limits. 
Characteristics utilized for grade determination include test weight, moisture, damaged
kernels, foreign material, shrunken and broken kernels, total defects, etc.  
Nongrade parameters: These are wheat characteristics not utilized for grade determination. 
These include protein, falling number, dockage, etc.
Dockage: All matter other than wheat that can be readily removed.  It is defined as “all matter
other than wheat that can be removed from the original sample by use of an approved
device according to procedures prescribed in FGIS instructions.  Also, underdeveloped,
shriveled, and small pieces of wheat kernels removed in properly separating the
material other than wheat and that cannot be recovered by properly rescreening or
recleaning.”
Test weight: The determined bushel weight (metric) of a one-gram sample of wheat.  
Total defects: Total of damaged kernels, foreign material, and shrunken and broken kernels. 
The sum of these three factors may not exceed the limit for the factor defects for eachGrain Quality and North American Hard Wheat Exports 30
Appendix Table 1.  Average Exports and Measures of Changes in Exports for Hard
Wheat Classes, 1980–1983 to 1990–1993.
Grade
Exports Measures of Change
 1980-83
(tmt)
1990-93 (tmt) Change (tmt)  Percent            Net Percent 
                      Shift
U.S. HAD 1,783 1,327 -456 -25.6 -3.3
U.S. HRW 19,309 12,682 -6,627 -34.3 -58.1
U.S. HRS 5,796 8,804 3,008 51.9 49.6
U.S. Soft Wheat 15,431 10,709 -4,722 -30.6 -38.7
CWAD  2,405 2,839 435 18.1   9.7
CWRS 14,593 14,332 -261 -1.8 19.8
Canadian Other Wheat 787 2,251 1,463 185.8 20.9
Total 60,105 52,945 -7,160 -11.9  NAGrain Quality and North American Hard Wheat Exports 31
Appendix Table 2.  Average Exports and Measures of Changes in Exports for U.S. HAD,
HRS, and HRW Wheat, by Grade, 1986–1987, 1993–1994
Grade
Exports Measures of Change
 1986-87 (tmt) 1993-94 (tmt) Change (tmt) Percent        Net Percent Shift
HAD
U.S. No. 1 44.7    121.3    76.6    171     38       
U.S. No. 2 OB 547.2    473.2    -73.9    -14     61       
U.S. No. 2 5.7    5    -0.6    -11     1       
U.S. No. 3 OB 1,303.3    514    -789.3    -61     -100       
U.S. No. 3 1.6    0    -1.6    -100     0       
U.S. No. 4 OB 0.0    1.8    1.8    >100     1       
U.S. No. 4 0.3    0    -0.3    -100     0       
TOTAL HAD 1,902.7    1115.4    -787.2    -41              NA
HRS
U.S. No. 1 349.7    963.5 613.9 176 99
U.S. No. 2 OB 5,747.3    6,511.9 764.5 13 -99
U.S. No. 2 5.7    4.5 -1.3 -22 0
U.S. No. 3 OB 28.3    29.4 1.1 4 -1
U.S. No. 3 0.3    3.2 2.9 1,020 1
U.S. No. 4 OB 0.0    1.7 1.7 >100 0
TOTAL HRS 6,131.4    7,514.2 1,382.8 23 NA
HRW
U.S. No. 1 355.5    812.3 456.8 129 91
U.S. No. 2 OB 16,785.3    11,074.9 -5,710.4 -34 -94
U.S. No. 2 108.7    41.8 -66.8 -62 -5
U.S. No. 3 OB 10.3    23.4 13.1 128 3
U.S. No. 3 3.4    0.1 -3.4 -99 0
U.S. No. 4 0.0    0.4 0.4 >100 0
U.S. No. 5 0.0    4.5 4.5 >100 1
SG 0.0    37.2 37.2 >100 6
TOTAL HRW 17,263.2    11,994.6 -5,268.6 -31 NAGrain Quality and North American Hard Wheat Exports 32
Appendix  Table 3.  Average Exports and Measures of Changes in Exports, for Canadian
CWAD and CWRS Wheat, by Grade, 1986–1987, to 1990–1991 and 1992–1993.
Grade
Exports Measures of Change
 1986-87 (tmt) 1990-91 (tmt) Change (tmt) Percent          Net Percent Shift
CWAD
CWAD No. 1 309.2    960.0 650.8 210 74   
CWAD No. 2 524.3    769.9 245.6 47 27   
CWAD No. 3 1,006.3    432.7 -573.6 -56 -68   
CWAD No. 4 263.4    33.7 -229.7 -87 -27   
Other CWAD 52.7    7.9 -44.8 -85 -5   
TOTAL CWAD 2,155.7    2,204.2 48.5 2 NA   
CWRS 1986-87 (tmt) 1992-93 (tmt)
CWRS No. 1 5,471.8    6,451.1 979.3 18 95   
CWRS No. 2 4,822.7    2,214.7 -2,607.0 -54 -100   
CWRS No. 3 4,527.5    3,935.6 -591.9 -13 5    
Other CWRS 0.0    0.0 0.0 0 0   
TOTAL CWRS 14,822.0    12,601.5 -2,220.5 -15 NA 